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INTRODUCTION
An engineer is a person who uses math and science to create products and services that benefit humanity. Engineering as a career offers highly competitive salaries, and engineers often enjoy their work and experience a sense of contribution to society. Unfortunately, science related careers are generally perceived by children as unglamorous, math-intensive, and something for "geeks." The U S . is facing a critical shortage of engineers, and students are not receiving adequate information about careers in engineering in either their homes or their schools. To address the growing need for scientific and engineering workforce development, foundations such as the Burroughs Wellcome Fund, provide resources for innovative programs that provide creative science enrichment activities for students. Programs at the University of Colorado at Boulder [1, 2] , the University of Texas at E Paso [3], and the New Jersey Institute of Technology [4] have used college students in engineering outreach programs at the middle school level.
In addition, programs such as the Pre-Collegiate Program at the University of Colorado at Boulder and the WEE program at Arizona State University have used hands-on engineering programs to encourage women and underrepresented minorities to pursue careers in engineering [5,6].
The Techtronics Program, part of the Engineering K-Ph.D. program at Duke [7] and funded by the Burroughs Wellcome Fund, is intended to increase the awareness of students, their parents and their teachers of engineering as a profession, and more importantly, of engineering as a fun and exciting approach to invention. This goal is accomplished through a unique partnership between the Pratt School of Engineering and Rogers-Herr Middle School in Durham, NC. Graduate and undergraduate engineering students are employed as Engineering Teaching Fellows who lead teams of middle school students in building projects that introduce four branches of engineering: civil, electrical and computer, biomedical, and mechanical. Students build balsa wood bridges, Lego robots, heart monitors, and photovoltaic solar panel systems. Under the guidance of a graduate student coordinator, the undergraduate Engineering Teaching Fellows, or crew leaders, facilitate within each team the formation of ideas, their development, and their implementation using computer-aided design tools and a variety of materials. The inter-team environment is one of healthy competition and at the same time a supportive community. During weekend Pratt engineering school visits, students visit engineering research labs and then test and showcase their projects. Parents are invited to (and attend) the weekend activities. Design competitions culminate in awards for outstanding engineering designs. Observations by parents and teachers of the students in our program provide testament to its impact. Student evaluations indicate that the Techtronics pogram has significantly impacted perceived science understanding. Longitudinal studies will be performed to determine the long-term impact of the program.
STUDENTS
In this pilot year, twenty Rogers-Herr students are participating in the Techtronics program. This school was selected for its high numbers of minority and high-risk students. Students from these groups often lack necessary resources to participate in engineering and technology career development. Techtronics attempts to reach students who would likely not choose engineering as a profession. The main goals in selecting students are to insure that a significant portion of the group are women and underrepresented minorities, to reach all grade levels, and to limit the numbers so that the crew leaders are capable ofworking directly with each student. The program was advertised at the beginning of the academic year at the school through flyers and intercom announcements. Teachers identified students with potential and recommended to them that they apply for admission to the program. The lead science teacher, Damen Gemzik, was selected by the Principal to be the school's liaison and assisted with the student selection process.
O f the twenty students admitted in this year's group, nine are female and fifteen are of ethnic minorities. Techtronics provides these students with hands-on experience in science and engineering and intends to boost their interest in engineering, a field currently dominated by caucasion males. In 1990, only 9% of engineers were T o ensure the program's continued success, students from each grade level were admitted, with a concentration in the sixth and seventh grades. Nine sixth, nine seventh, and two eighth grade students are participating this year. The eighth grade students provide leadership and advanced knowledge that encourages the younger students. The number of eighth graders was limited during this pilot year because they will be moving on to high school in the fall, and therefore will he unable to join us in the second year of Techtronics.
COORDINATOR AND CREW LEADERS
The Techtronics teaching team is composed of a graduate student coordinator and five undergraduate crew leaders. The crew leaders represent the four engineering disciplines available for undergraduate study at Duke University: Biomedical, Civil, Electrical and Computer, and Mechanical. The graduate student coordinator and head crew leader meet regularly with the program PI and director (G. Ybarra) to develop lesson plan ideas, newsletters for parents, discuss materials needed, and plan weekend activities at Duke for the middle school students and their parents. The graduate student coordinator communicates frequently with Rogers-Herr administration and parents, schedules team meetings, and manages the crew leaders on a day-to-day basis. The crew leaders help develop lesson plans and act as facilitators for the student teams during project building.
The Teaching Fellows serve as role models for the students. Our team of fellows includes three females and three minority students. They serve as examples showing that members of these underrepresented groups are capable of excelling in the engineering field. The Teaching Fellows are closer in age to the students than their teachers allowing a relationship similar to big sisters or brothers with them.
Techtronics provides the students several opportunities to visit Duke University's campus and its engineering facilities.
In their weekend activities at Duke the students observe the steps necessary to become an engineer and the vast impact that engineers have on society. Parents participate in the weekend sessions at Duke University, supporting their children and encouraging them to ignore the negative peer pressures they may encounter due to their interest in science.
PROJECTS
Projects completed by the students show them that they have the ability to contribute to scientific fields and that a career as a scientist or engineer is a realistic goal. The teambuilding activities introduce them to necessary engineering skills such as oral communication and problem-solving. Hands-on activities stimulate their creative processes and encourage them to "think outside of the box'' to solve design problems. The use of computer-aided design tools, such as Modelsmart3D and electronic test instruments such as stateof-the-art Agilent digitizing oscilloscopes, multimeters and function generators, increase their comfort level with technology. Each unit in the Techtronics program provides students an opportunity t o make design decisions in a group setting, introduces them to technology that heightens students' curiosity and excitement, and teaches them that math and scientific principles are useful tools for solving real engineering design problems.
Bridge Buildng
The initial unit concentrates on Civil Engineering and features a balsa wood bridge building project. The class is split into five groups of three to four students, each with a crew leader. The crew leaders facilitate discussion, keep the group focused, and ensure that everyone's voice is heard. The groups are presented with the problem and then given pencils, rulers, and large sheets of butcher paper on which to design their bridges. An entire day is spent on design to emphasize the importance of planning and group communication and to ensure that the students have a good starting point when they begin building their bridges. In order to facilitate creativity and freedom of visualization, the students are encouraged to make multiple drawings. Communicating ideas through drawing is an important part of being an engineer. These freehand sketches gradually become full-scale plans with the 34" span and straight-line trusses drawn using rulers. After students design their bridges, they hegin building hem under the guidance of their crew leaders. The decision making process continues as the bridges evolve with important decisions about connecting the sides of the truss, types of glue to use, and cutting the balsa wood pieces uniformly. The students' communication about these general building problems teaches them the difficulties and rewards of working in groups.
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November 6-9,2002, Boston, MA Three parts of the balsa wood bridge project are designed to heighten student interest, excitement, and curiosity in engineering: 1) the project is based on a real-life engineering project, 2) ultimately, the bridges hold more weight than the students expect, and 3) the use of a computer-aided design tool allows students to use computers to test and strengthen designs in the computer prior to building their bridge. The design project is loosely based on a rcal bridge, the Highland Park Bridge, over the Allegheny River in Pittsburgh, Pennsylvania. Despite the fact that the balsa bridges are only models, the use of a real life engineering project helps students feel like real engineers and contributes to a team atmosphere where the class is working towards one goal. Each of the five groups designs one of the five spans of the bridge. The class with their complete design for the bridge is shown in Figure 1 . The five spans are equal in lcngth and built to hold a minimum design weight. This year, the students guessed that their FIGIRE. I Techtranics Class with its Highland Park Bridge Design bridges would hold a maximum of 5 pounds, so the bar was set at 5 pounds in their minds. The project is adapted from a contest that college students participate in at Ocean County College [I I] in which bridges routinely hold IO pounds, so the project is designed for the students to succeed. Succeed they did as all of the bridges this year held more than 6 pounds, and the strongest bridge impressed even the crew leaders by holding 16 pounds before showing signs of cracking. Bridges that support such incredible loads for being less than 2 oz. in total weight induce curiosity and fascination in the students' minds. The bridges are tested with a distributed load. Using technology rurther arouses the students' interest. Modelsmart3D allows each group to test (simulate) ts truss design in the computer. Figure 2 shows a group's bridge design modeled in the computer holding 17 pounds while the computer predicted it would break under a load of 18 pounds. Modelsmart3D has been shown to predict effectively how much weight a bridge will hold, and testing on the computer helps the students feel more like real engineers. Figure 3 shows the same bridge holding about 16 pounds before showing signs of failure. The program helps students improve their designs, and also helps the students develop prediction skills. In the end, the students compare the computer's predictions with their physical results. 0-7803-7444-4/02/$17.00 0 2002 IEEE Math is used as an important tool in two specific instances during the bridge building project. First, the students learn about scale models and plans. The students determine the scale of their drawings given the information that the span of the physical bridge is 267 feet. Second, the metric used to assess load-bearing capability is the strengthto-weight ratio of the bridges, not the amount of weight the bridges hold. Students use a precision metric scale to weigh their bridges with and without a load. Then, they make a conversion from grams to ounces and kilograms to pounds. Finally, they calculate the strength-to-weight ratio in pounds per ounce to determine how their bridges compare to each other. These are not particularly difficult math problems for this age group, but they are not trivial. The importance is to [17] , the final two sessions of the unit (4 hours) are spent with students designing their own programs and robots. This time, the students select their own groups of two or three to design, build, and program their own robots. The groups communicate more smoothly because students are working with their friends and in smaller groups. This allows students to concentrate more on the project topic because less energy is required to communicate with other team members. Some groups concentrate more on the mechanical engineering and building side of the unit. For instance, one group built a front-end loader and programmed it to move and lift objects. Other groups spend more time on the computer programming aspect of the unit and make use of the touch sensors. One group designed a car that would back up and turn a different direction depending on whether an object hit the left or the right side of the car. This requires a much more complex computer program. The crew leaders challenge the groups to stretch their designs according to the individual intererests and capabilities of the students. This individual connection between crew leader and student allows us to provide the richest possible learning experience. Furthermore, the significant interpersonal communication that takes place leads to a deeper and more meaningful relationship between student and big sister or brother science mentor.
The entire Leg0 robotics unit is designed to impress students with technology. Beyond the standard Lego pieces, the Lego-Dacta Robotics System features inputs (touch and light sensors), outputs (lights and motors), and the RCX block which is the programmable "brain" of the robot. The most exciting part of the system for students is the Robolab software for programming the RCX block because the programs are written using a graphical language developed specifically for the RCX block. Programming in this graphical language involves interconnecting icons in a signal flow manner that is highly intuitive for children. The structures within the graphical programs are similar to those in standard text -based computer languages. "If-Then" and "Repeat-Until" structures are used, though not explicitly, to program the robots. When the students are ready, they download their programs from a desktop c o q u t e r to their RCX block through a wireless infrared link and run, them. This is the equivalent of compiling and debugging in computer science. It sparks students' curiosity that they are able to write a program on the computer, download it using invisible waves and then see their robots move in accordance with the instructions they devised. Similar to the bridge unit, parallels are drawn between the Lego robots and real life engineering problems that robots can solve. At the end of the unit, each group presents their project to the class and their parents, similar to real engineers unveiling a brand new product.
The emphasis during the Robotics unit is placed on computer science. Computer programming is generally not taught until high school, but introducing the concepts at the middle school level produces curiosity and interest in the possibilities of computing. We expect the Techtronics program to improve computer competency in its participants. 
Heart Monitor
The third unit introduces the students to biomedical and electrical engineering and features the building of a simple electrocardiogram (ECG) recording system. Heart monitors and biomedical engineering concepts have been used effectively by the Women in Applied Science and
Engineering (WISE) Program at Arizona State University
[IS]. Our ECG system is composed. of a pair of silver (disposable) ECG electrodes, an instrumentation integrated circuit amplifier, a high-pass filter, and a low-pass filter. The system output is displayed and recorded using an Agilent digitizing oscilloscope. This system is built with more help from the crew leaders because it involves the building of a very complex electric circuit for this age group. The students are split into groups of four students with friends generally split up so that the groups have to work more to make decisions as in the balsa bridge unit. As a second part of the unit, each group receives a circuit diagram, materials to build the circuit on a breadboard, and a key to the symbols on the circuit diagram. The students have used all of the parts earlier in the unit, but they have never seen a circuit diagram (schematic). With little help, they are asked to interpret the diagram and build the circuit. Surprisingly, the middle school students learned to use a bread board and interpret schematics quickly. It was found that effective group communication was necessary to understand the schematic and correctly wire the circuit..
The ECG unit exnoses students to state-of-the-art digitaltest equipment such as oscilloscopes, function generators, and multimeters. Students work with breadboards and electronics circuits that most students do not see until college. They also learn to solder in the context of building November -59,2002, Boston, MA 0-7803-74444/02/S17.00 0 2002 IEEE 32"' ASEEEEE Frontiers in Education Conference T3C-21 a simple switched light emitting diode (LED) circuit powered by a %volt battery. They are allowed to keep this circuit. The most exciting part of the unit is the testing of the ECG systems. The students, under crew leader supervision, attach electrodes to their wrists and make connections from the electrodes to their amplifier-filter circuits. They see their own heartbeats on the screen of the oscilloscope, clearly showing the QRS complex. Using multimedia visualization demonstrations developed by the fellows, the students are introduced to cardiovascular physiology, and the events within the QRS complex are explained. At the end of the ECG unit students compare the outout of their systems with the output of a real ECG machine.
Math is integrated effectively into this unit in two different ways. First, the students learn to determine current, voltage, and resistance for parts of a circuit using Ohm's Law. They have to calculate the current through a resistor given a voltage and a resistance, then they are able to check their calculations using the multimeter. Second, the students need to exercise their math skills to calculate their heart rates. This involves interpreting the time scale on the oscilloscope to determine the period (time between peaks) and taking the reciprocal of the period to obtain their heart rate. Finally, students calculate a class average heart rate.
These activities address goals of the math and science portions of the North Carolina Standard Course of Study including the ability to read graphs and the ability to interpret data sets [ 121.
Solar Energy
The final unit on Solar Energy applies mechanical and electrical engineering principles to a group design experience in the area of solar energy technology. The first two sessions are spent on an activity that stresses the group dynamics aspect of the unit. The students split into groups of three on their own so they have the opportunity to work with their friends in smaller groups. The students are taught the basic concepts of heat transfer: convection, conduction, and ediation. Then, they are given rough plans for a solar oven, materials to build it, and build it with minimal help. The student teams are responsible for making decisions regarding the dimensions of their oven and which materials to use. They are forced to choose what to use as a transparent window (plexiglass or oven bags) as well as what to use for insulation (air, newspaper, foam insulation, tin foil, etc) . The goal is to give them more materials than they need so that they have to make decisions about what materials will work best for various parts of the oven. The students enjoy designing as they build and making decisions "on the fly" because, just like college engineering students, they have learned that they cannot see some problems until they have begun building.
The students are exposed to different technologies that spark enthusiasm and curiosity during the solar energy unit.
At the end of the first activity, they use thermocouples to test the temperatures inside their solar ovens. This makes the activity seem more like real engineering because they are using the diagnostic tools of real engineers. In the second activity students are introduced to solar panels and explore how the electricity they generate can be utilized. They learn about how much electricity the photovoltaic (PV) panels generate and build small solar car kits to race. Learning that putting the car in the sun can make it run sparks excitement. Finally, they use large PV panels and learn how the large PV panels can be used with deep cycle rechargeable batteries as a primary source of electricity anywhere in the world.
Taking measurements, plotting, and interpreting data are emphasized during this unit supporting the North Carolina Standard Course of Study [12] . Students learn about measuring temperature with thermocouples first. Then, students measure the power output of the large solar panels. Each group has to create a plot of power output versus angle of the panel to determine the optimum angle for mounting the panel. Ohm's law is used to calculate power from voltage measurements made using the digital multimeter.
Measurements have to be made of the angles, the resistance, and the voltage. All of this data is imported into a Microsoft Excel spreadsheet that is used to create the plots. The use of Excel spreadsheets as well as other computer tools is an important part of pre-engineering education [19] . Students are then taught how to correctly portray data on a graph by including titles, paying attention to scales, and labeling axes.
OUTCOMES AND ASSESSMENT PROCESSES
The relative newness of the Techtronics program precludes the availability of data on the long term impact of the program. However, teachers, parents, and students have given positive feedback to the program showing that it has sparked an increased excitement in science and engineering in most of the students. Darren Gemzik, the faculty liaison to the Techtronics program at Rogers-Herr Middle School, has remarked how excited the kids are about Techtronics. He said, "In order to 'leave no child behind,' the Techtronics program provides a niche for the creativity of students who may not be into sports or writing, but are into science." Kathy Hoffmeier, mother of sixth grader Nathan Hoffineier, e-mailed of her son's involvement in the program, "Nate has slowly grown very fond of the class! The gathering on Saturday, Nov 10th sealed his interest! He says that he wants to be a scientist ... He has liked 'working with the power tools' ... and of course 'testing' the bridges! As parents, my husband and I loved watching the 'bridge testing' ... the excitement was contagious!" Not all students are as outwardly excited as Nate can be, but the interest in the program of a few other students could be seen through the school's science fair. Tierra Thompson, a sixth grader, continued studying balsa wood bridges like the ones we had built in class for her presentation.
Darren Gemzik commented that Tierra had shown real excitement in the November 6-9.2002. Boston. MA 0-7803-7444-4/02/%17.00 0 2002 IEEE 32"' ASEEAEEE Frontiers in Education Conference T3C-22 project. We were also very excited when Ashley Jones, a seventh grader in our program, won first place in the physical sciences division. Student evaluations have also been used to assess the effectiveness of the program. From that data, 10 out of 15 students had thought about things in Techtronics that they had never thought about before (see Figure 4 ), and 12 out of 16 students agreed that the program has helped them better understand science (see Figure 5 ). 1 II R. . po". . Long term data will be required to determine the effectiveness of the Techtronics program in increasing the numbers of students pursuing engineering and science related careers, but in the short term, the program has been able to increase students' interest in science and engineering.
I
CONCLUSION
This paper has presented a description of Techtronics: Survey data and responses from parents, teachers and students indicate significant and positive impact on science related interest.
